Background and aims A postsurgical anatomy renders endoscopic sphincterotomy (EST) more challenging. Although different EST techniques for such a situation exist, comparative studies are lacking. The aim of the study was to compare the efficacy of different EST techniques using a novel mechanical simulator. Methods Ten expert endoscopists performed 6 different EST techniques on a novel mechanical Billroth II (BII) simulator in a random sequence. The EST techniques were (1) standard sphincterotome used with a side-viewing endoscope, (2) BII sphincterotome used with a side-viewing endoscope, (3) needle-knife EST guided by biliary endoprosthesis used with a side-viewing endoscope, (4) standard sphincterotome used with a forward-viewing endoscope, (5) BII sphincterotome used with a forward-viewing endoscope, and (6) needle-knife EST guided by biliary endoprosthesis used with a forward-viewing endoscope. The results of videotaped ESTs were evaluated by a blinded expert and duration for each EST modality was calculated. Results Needle-knife EST guided by endoprosthesis was rated superior to EST using a BII sphincterotome (p = 0.017) or a standard sphincterotome (p \ 0.001). EST using the BII sphincterotome was significantly faster than EST with the needle knife (p = 0.004) and the standard sphincterotome (p = 0.005). There were no differences between the use of a forward-viewing endoscope and a side-viewing endoscope. Conclusion In an ex vivo model for EST in B II gastrectomy needle-knife EST guided by endoprosthesis achieved superior ratings in comparison to the use of a BII sphincterotome, although it was more time-consuming. A standard sphincterotome should not be used for such a procedure. 
Endoscopic retrograde cholangiopancreatography (ERCP) in Billroth II (BII) gastrectomy is more difficult and challenging than in normal anatomy [1] [2] [3] [4] . The first challenge is to identify and intubate the afferent loop and reach the papilla. Second, the inverted anatomy of the papilla renders the selective cannulation of the bile duct more difficult. Finally, performing endoscopic sphincterotomy (EST) is more difficult than in the situation of normal anatomy. The current standard sphincterotomes cut in the direction of 12 o'clock when used with a duodenoscope in normal anatomy, while in the situation of BII gastrectomy sphincterotomy should be undertaken in the direction of 5 o'clock due to a reversed anatomy [3] . For that purpose, different methods and accessories have been developed to facilitate EST in BII patients. These techniques include the use of reverse sphincterotomes (e.g., BII sphincterotome) or performing needle-knife sphincterotomy guided by a biliary endoprosthesis [5, 6] . To date, there is no standard technique to perform EST in postsurgical anatomy, and the choice of the method depends on operator preference [7] .
Mechanical ERCP simulation models have been shown to be a useful tool for ex vivo evaluation of different accessories [8] . They provide standardized conditions for comparative analysis and are useful, when randomized clinical studies are hindered by low patient numbers. Although several ERCP simulators are available, all of them are simulating ERCP in normal anatomy. We have recently reported the description and evaluation of the first mechanical model, which is capable of simulating cannulation of the papilla and EST in BII anatomy using different accessories without the need for fluoroscopy [9] .
The purpose of our study was to compare the efficacy of different EST techniques using the novel mechanical simulator. We compared the use of a normal sphincterotome, a BII sphincterotome, and a needle-knife EST guided by a biliary endoprosthesis. For each technique, both a forwardviewing and a side-viewing endoscope were used. The time needed for each technique was recorded and a score for the efficacy of the videotaped EST was given by a blinded expert endoscopist.
Materials and methods

The mechanical simulator
The simulator is based upon the chassis of a previously described mechanical ERCP model and is made out of aluminum and plastic materials [12] . It can be mounted on an endoscopy trolley below the monitor (Fig. 1) . Organic papillae suitable for sphincterotomy with high-frequency current are placed protruding about 8 mm into the duodenum. The position of the papilla and the direction of the bile duct simulate those of an inverted anatomy in patients who have undergone a BII procedure. The biliary system is made of transparent material and is visible in the window of the simulator eliminating the need for fluoroscopy. The simulator is suitable for sphincterotomy but not for passing the endoscope through the postsurgical anatomy up to the papilla. The construction of the specific mechanical simulation model has recently been reported in detail [9] .
Participants
Ten ERCP experts participated in this study. The participants had a mean ERCP experience of 17 years (standard deviation 8 years) with a mean of 147 cases of ERCP in postsurgical anatomy (standard deviation 232 cases). All procedures were assisted by the same person. In technique numbers 1, 2, 4, and 5, the papilla was directly cannulated using a wire with a hydrophilic tip (Jagwire, Boston Scientific, U.S) and the respective sphincterotome followed by EST with the use of a electrosurgical generator (VIO 300D, Erbe Elektromedizin, Tübingen, Germany). In technique numbers 3 and 6, cannulation of the papilla was done using a wire (Jagwire) and an ERCP catheter (Contour ERCP Cannula, Boston Scientific, Marlborough, USA). The catheter was then withdrawn and a 5 Fr straight plastic stent (Peter Pflugbeil GmbH) was inserted into the papilla. Afterwards, the EST was performed using the needle knife.
EST techniques
Procedures
After answering a questionnaire about the preferred EST technique in the setting of BII, each participant was asked to perform six EST procedures in a randomized order, using the above-mentioned techniques. Time was recorded for every procedure starting with intubation of the simulator with the endoscope and stopping at completion of the EST. An endoscopic video of the cut papilla was recorded after the end of every procedure to be used for the evaluation of the efficacy of the EST. In needle-knife EST guided by endoprosthesis, the stent was removed endoscopically before recording the video.
Blinded evaluation of EST results
According to a previous study [13] , each videotape was digitally converted and recorded on CD in MPEG-2 format for review by an experienced reviewer, who had performed more than 5000 ERCPs and more than 30 ESTs in patients with postsurgical anatomy. The reviewer had not been involved in the previous steps of the study and was blinded to participant and technique data. Video clips were rearranged in a random order before the evaluation. Each examination had to be graded on a 10-point numeric rating scale (1 completely unsuccessful, 10 excellent) taking into consideration the direction of cutting, length of the cutting, and presence or absence of hesitation marks. Hesitation marks were defined as the presence of any other cut apart from the final EST.
Data analysis
Data are described by mean ± standard deviation and are visualized by boxplots overlaid with individually observed data. A repeated measurement ANOVA was performed to compare the main effects of endoscope type and cutting technique as well as their interaction. A level of significance of 5% was used for each test.
Results
A total of 60 videos (one video per case) were evaluated and given an EST score by the reviewer. The mean and standard deviation for both efficacy and duration for different EST techniques using side-and forward-viewing endoscopes are illustrated in Tables 1 and 2 
Participants' preferred EST technique in BII
Five participants preferred needle-knife EST guided by endoprosthesis, four preferred BII sphincterotome, and one preferred balloon dilatation.
EST score
There was no significant difference between the forwardviewing endoscope and the side-viewing endoscope (p = 0.910). Analysis of the three different EST techniques irrespective to the type of the endoscope showed a signif- Blinded videotapes of cut papillae were rated by an ERCP expert on a numeric rating scale 0 completely unsuccessful, 1 very poor, 10 excellent; mean ± standard deviation ** Needle knife guided by an endoprosthesis was rated significantly superior to both the BII sphincterotome (p = 0.017) and the standard sphincterotome (p \ 0.001), whereas the * BII sphincterotome was significantly superior to the standard sphincterotome (p = 0.001) icant difference in the efficacy of the EST between the three cutting techniques (p \ 0.001). By comparing the cutting score of the three different techniques irrespective to the type of the endoscope, the needle knife guided by an endoprosthesis was rated significantly superior to both the BII sphincterotome (p = 0.017) and the standard sphincterotome (p \ 0.001), whereas the BII sphincterotome was significantly superior to the standard sphincterotome (p = 0.001). There was no significant interaction between the endoscope types and the techniques (p = 0.238) regarding the EST score.
Duration
There was no significant difference between the forwardviewing endoscope and the side-viewing endoscope (p = 0.219). By comparing the duration of the three different techniques irrespective to the type of the endoscope, using ANOVA and Post Hoc tests, the BII sphincterotome had significantly shorter time-consumption than both the standard sphincterotome (p = 0.004), and the needle-knife EST guided by an endoprosthesis (p = 0.005). There was no significant difference in duration between the needleknife EST guided by an endoprosthesis and standard sphincterotome (p = 0.770). There was no significant interaction between the examiners and the technique regarding the duration (p = 0.48).
Discussion
Cannulation of the papilla and performing EST in patients with prior BII or Roux-en-Y gastrectomy can be demanding even for experienced endoscopists. Different EST techniques have been introduced during the last four decades to overcome this challenge. However, only few studies have been conducted on different EST techniques in BII gastrectomy. Many limitations were facing these studies because of the rarity and complexity of this condition. Those limitations include the small sample sizes, the retrospective nature of the studies, and the absence of a comparative study design [3] . Furthermore, running a prospective study comparing different EST techniques in real-life practice would be unrealistic even in highly specialized centers. However, by using an appropriate endoscopic simulator these limitations can be overcome. The simulator used in this study has shown favorable outcome in a previous study by trainees and experts evaluating the realism, the cannulation of the papilla, and EST in the setting of BII gastrectomy [9] . In this prospective comparative study, we report the results of a comparison of 6 different EST techniques performed by 10 endoscopists who had a large experience in performing ERCP in patients with postsurgical anatomy, using a novel and suitable BII simulator. Each technique was evaluated regarding the efficacy and the duration of the EST. An EST score was assessed by a blinded expert endoscopist by post hoc analysis of the videotaped sphincterotomized papillae.
In our study, we demonstrate that the usage of both the needle-knife EST guided by endoprosthesis and the BII sphincterotome was significantly superior to the standard sphincterotome (p \ 0.001 and p = 0.001) with the needle knife guided by an endoprosthesis also being superior to the BII sphincterotome (p = 0.017). Therefore, needleknife EST guided by an endoprosthesis is suited best for EST in postsurgical anatomy. On the other hand, the procedure using the BII sphincterotome was significantly shorter in duration than both the needle-knife EST guided by endoprosthesis (p = 0.005) and the standard sphincterotome (p = 0.004). We also showed that there is no significant difference between the forward-viewing endoscope and the side-viewing endoscope when the same cutting technique is used, regarding the EST efficacy (p = 0.910) and the duration (p = 0.219).
Our findings are in accordance with the results by Kim et al. where the forward-viewing endoscope was as effective as the side-viewing endoscope to achieve a successful EST with success rate of 83 and 80%, respectively. However, due to easier and safer passage to the papilla, the forward-viewing endoscope was recommended in that study [10] . In an early trial by Safrany et al., EST was successful using a standard sphincterotome at the first attempt in only 9% (n = 35) of cases where the incision was placed in the ideal cranial position, and finally in 66% after up to 4 attempts. He also reported that using a forward-viewing endoscope did not solve the problem [11] . Our study confirms this observation. The usage of the standard sphincterotome gathered very poor EST scores when using side-viewing endoscope and forward-viewing endoscope. In contrast, in a study by Hintze et al. using a BII sphincterotome, the success rate was 92% (n = 54) [5] . In another approach adopted by van Buuren et al. where the EST was achieved using a needle-knife sphincterotomy guided by biliary endoprosthesis, the success rate was 95% [6] . The high success rates of both techniques in these studies are confirmed by our results. Beyond that, we found that needle-knife sphincterotomy guided by an inserted plastic stent had superior results.
On the other hand, we demonstrated that the BII sphincterotome required shorter duration in comparison to the needle-knife technique, which can be related to the time needed for the stent insertion prior to the use of the needle knife. Nevertheless, time-consumption for EST might not be relevant in a procedure where most of the time is spent for reaching the papilla.
Our study has some limitations. First, the passage of the endoscope to the papilla in terms of time needed and related problems cannot be investigated with the used BII simulator. The study therefore is limited to the question which cutting device and which method is most suitable for EST when being in place. Therefore, future developments of this simulator including simulation of passage through the afferent loop are needed. Second, it could be difficult to extrapolate a simulator based evaluation directly to clinical practice. However, choosing such an approach allows direct comparison of techniques under standardized conditions [8] . Third, although the reviewer was blinded from the type of the techniques, the participants were not due to the nature of the study. In addition, complications that can be encountered in real-life practice during EST, like bleeding and perforation, could not be assessed in our study. Finally, one of the limitations of this study is that each participant performed each technique only a single time. However, taking into consideration that we had ten ERCP expert participants, and that the utility of the simulator used in this study had been evaluated in a previous study and gathered favorable outcome regarding the realism, this bias should be limited.
In conclusion, this study shows that needle-knife EST guided by endoprosthesis was most time-consuming but was the most efficient EST technique in BII and Roux-en-Y gastrectomy, followed by the BII sphincterotome. A standard sphincterotome should not be used for such a procedure. Finally, the type of the endoscope is of no importance regarding the efficacy of EST in such a situation.
